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EXECUTIVE SUMMARY Pp, O. Box 25047 
Denver, co 80225-0047 
The U.S. Bureau of Land Management (BLM) has adopted a two-phase procedure for 
the integration of geologic, energy, and mineral (GEM) resources data concern- 
ing Wilderness Study Areas (WSAs). To facilitate this review, certain WSAs 
with similar geologic environments and mineral characteristics have been 
grouped together into larger GEM Resource Areas (GRA). Using these guide- 
lines, the Gardner Mountain and North Fork Powder River WSAs were grouped 
together into the larger Gardner Mountain GRA. This report, which terminates 
the Phase I activities for the Gardner Mountain GRA, is an evaluation and 
interpretation of existing data concerning the GEM resource potential in the 


WSAS. 


The Gardner Mountain GRA contains two WSAs: the Gardner Mountain WSA (WY- 
060-201), and the North Fork Powder River WSA (WY-060-202). Both WSAs are 


located within BLM's Buffalo Resource Area, Casper District, Wyoming. 


The potential occurrence of GEM resources within the Gardner Mountain and 
North Fork Powder River WSAs (WSA) is considered low to moderate. Both 
WSAs are considered to have a moderate favorability based on direct, but 
quantitatively minimal, evidence for the occurrence of uranium (classified 
3C). Uranium may occur as sedimentary types of deposits in Paleozoic and 
Mesozoic Sandstones within paleokarst terrain at the top of the Madison 
Limestone, and in fractured deposit types associated with anticlines and 
other structural features underlying the WSAs (Damp and Brown, 1982). Both 
WSAs are considered to have a low favorability based on indirect evidence 
for the presence of metallic minerals (classified 26) Both WSAsS are con- 
sidered to have a low favorability for the potential occurrence of oLl, das, 
and geothermal resources (classified 2c): this classification is based on 
direct, but quantitatively minimal evidence. The Gardner Mountain WSA has 
a moderate favorability for the potential occurrence of limestone (classified 
3C); this classification is based on direct but quantitatively minimal 
evidence. Quantitatively minimal direct evidence exists to support a low 


favorability classification for the potential occurrence of all other GEM 
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resources (classified 2C). This classification is based in part on the 
geologic environment and inferred geologic processes that have been identified 


within the WSAs. 


Additional geologic investigations would help supplement the GEM resource 
evaluation of the Gardner Mountain GRA. Additional geologic mapping of the 
area is strongly recommended because of the lack of Suitable large scale 
geologic mapping within the area. This mapping is critical to define favor- 
able geologic units and provide valuable information to assist in making 
wilderness decisions. A moderate amount of geological information is avail- 
able which should be reviewed by BLM personnel to gain additional insight into 
the potential occurrence of GEM resources within the WSAs prior to making 


wilderness decisions. 
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GEM RESOURCE AREA 
GARDNER MOUNTAIN 


1.0 INTRODUCTION 
are Purpose of Study 


The U.S. Bureau of Land Management (BLM) has adopted a two-phase procedure 
for the integration of geologic, energy, and mineral (GEM) resources data 
for suitable/nonsuitable decisions concerning Wilderness Study Areas (WSAs). 
Phase I consists of a review and evaluation of existing data, resulting 
in an interpretation of the GEM resource potential of the WSAs. Phase II is 
designed to generate only the additional data required to support the GEM 
resource recommendations presented during Phase I. To facilitate this review, 
certain WSAs with similar geologic and mineral characteristics have been 
grouped together into larger GEM Resource Areas (GRA). Using these guide- 
lines, the Gardner Mountain and North Fork Powder River WSAs were grouped 
together into the larger Gardner Mountain GRA. This report, which terminates 
the Phase I activities for the Gardner Mountain GRA, is an epa lation aed 
interpretation of existing data concerning the GEM resource potential in the 


Gardner Mountain and North Fork Powder River WSAs. 


The GEM resource evaluations for this study were performed by Tetra Tech, Inc. 
for the U.S. Bureau of Land Management, under Solicitation No. YA-553-CT2- 
1055. This study was completed in August, 1983. 


“ 


ine Location and Access 


This GEM report covers the area identified as the Gardner Mountain GEM 
Resource Area (GRA); the geographic location of the study area is shown in 


Figure 1.1, "GRA Location Map." 


The Gardner Mountain GRA is located between 106° 40' —- 107° 20' west longi- 
tude, and 43° 40' - 44° 10' north latitude. The Gardner Mountain GRA contains 
two WSAs: the Gardner Mountain WSA (WY-060-201), and the North Fork Powder 


River WSA (WY-060-202). The Gardner Mountain WSA contains approximately 6,423 
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acres, and is located in Township (T) 44 North (N), Range (R) 84-85 West 
(W), 6th Prime Meridian (P.M.). The North Fork Powder River WSA contains 
approximately 10,089 acres, and is located in parts of T 45-47 N, R 84 W, 6th 
P.M. Both WSAs are located in BLM's Buffalo Resource Area, Casper District, 
Wyoming. Figure 1.2, "Topographic Map," illustrates the topography of the 
GRA, as well as the locations of the WSAs within the GRA. 


1.3 Basis of Report 


This report is based on an evaluation of published and unpublished maps, 
bulletins, resource evaluations, professional papers, graduate theses, 
management frame workplans, wilderness inventories, mineral summaries, and 
professional society publications produced by the U.S. Geological Survey 
(USGS), U.S. Bureau of Mines (USBM), U.S. Department of Energy (DOE), U.S. 
Bureau of Land Management (BLM), universities, Geological Survey of Wyoming, 
and other sources. Personal contacts were made with individuals of BLM's 
Casper District Office, and telephone inquiries were made with individuals of 
county clerks and recorders offices, and the National Natural Heritage Program 


Office in Washington, D.C. and the State of Wyoming. 


The available literature was reviewed by a Project Team, assembled by the 
study contractor, comprised of authorities in the field of GEM resource 
evaluation. The members of the Project Team, and their associated technical 


disciplines, are identified below: 


Mr. Charles S. Robinson Metallic Minerals/Non-Metallic Minerals 
Mr. Rollin E. Phipps Oil and Gas 

Mr. Andrew G. Alpha Geothermal Resources 

Mr. Stuart P. Hughes Other Minerals 

Mr. William A. Gallant Other Minerals 

Mr. Elmer M. Schell Coal 

Mr .aJsohnoA. Hartley Oil Shale/Paleontology 


- | 





7 a 


re 7 : i Ree ox, g-: ; a, f - eae oe aoe aes me ie a : . 
m es r ,, : aS ne : : ee - ‘ af ‘ 

en ae levis naa a aera edt (ane) Tied “ied 

i any ra ad ey 

st te Be me i Oe ape See £ besenot ak bas estos 080,0L yLotan 

| Solgete Yegesd (sere @ ofstiuG o'Mie ci bexeool o1s BAGH & ae 

> 6 eae 1 eee ae ee 

«ARO ono aldtiw e4BW off to anoltspol ait 26 Liew-aia; / AS 


f 
| “old 
_ 































































7 | 

32 to an 

7 

: " 

. Bqae bade es deqay frre Bitte i cig Xo notsaniere . as 0 heesd et Pea a 

,8ored? estoberp , .eregeq flanoteastoxrq .anoigecisves sozpossy sen id 

bas seivasmers levetin .xetvosnevnt aeenrsbliw ,ansiqdiow sasx2 gas 

yevioe Jlecipolem «28.0 eit yd beouboxg anoigsoliideq yisioog iene. 

2.0 (800): Yeren fo Saemriaged .2.0 , (maeu) son ik io use td 2,0 0 (8 

<priwoyW to yevrud Lepipefoe? ,asitiexsviay .(MIa) snemepsnsM baad Yo 1S UL 

e'Mts Fo elsacbivifiat doiv ebse srew etoesace {anoaxed - avo woe zerise 't 

Yo elauhivibat Atiw sehen exew seltivoni _ Snodgeles brie @OiLTIO sotuseeG a 
awypord epad zsh ‘Lexesen fepoliau ef} Bos .x0diT0 vevivsene: brie wxreio ¥ 


«briisoyW to essze ely base «3.0 norzpardas® ats 


oT : 


sit yd teldmezce mse? sostord s yc Bbewaivet ssw emJstetil eid 5 
eorres@s MAD te bleli sfd mi acittiorcus Yo beetrqmes ,zosDsssaos Ve 


' ipo Loiiogs bosnionees tieit bne ,mseT JoetoT? siz to siadmen eat 


a tater t6 oilistem~not\eisweniM ailissen aoentdo®t 2 nelssdo 
ee Bae fio eqgidd .@ nition | 
Beptwerer Ixserreritos> 4 nih nee 

alszeniM 1990 = nadpull 6 Saaud2 
elatenlmM xed20 lad «A mieil! 





BLM Wilderness Study Areas Included in the 
- Gardner Mountain GRA 








WSA NAME ACREAGE 
060-201 Gardner Mountain 6,423 
060-202 North Fork 10,089 
Powder River 
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2.0 GEOLOGY 


The geology of the Gardner Mountain GRA is shown on the north central portion 
of the "Preliminary Geologic Map of the Arminto 1° x 2° Quadrangle, Central 
Wyoming" (Love, Christiansen, Earle, and Jones, 1978); and on the south 
central portion of the "Preliminary Geologic Map of the Sheridan 1° x 2° 
Quadrangle, Northern Wyoming" (Love, Christiansen, and Earle, 1978). More 
detailed maps may be found in the USGS Water Supply Paper 1806, "Ground- 
water Resources and Geology of Northern and Central Johnson County, Wyoming" 
(Whitcomb, Cummings, and McCullogh, 1966); and the USGS Bulletin 1027-B, 
"Geology of the Crazy Woman Creek Area, Johnson County, Wyoming" (Hose, 
1955). Unfortunately, the last two references do not cover the WSAs within the 
GRA adequately. A somewhat older but still useful map which covers the whole 
area is the "Geologic Map of Johnson County, Wyoming," Geological Survey of 


Wyoming (USGS, 1937). 
eas General 


The Gardner Mountain GRA is in the south central portion of the Bighorn 
Mountains. These mountains are an elongated north-south range which lie to 
the east of the Bighorn Basin and west of the Powder River Basin. The range 
has a Precambrian (> 600 million years before present [m.y.B.P.]) granite- 
gneiss core overlain by Mesozoic (70-225 m.ey-B.P.) and Paleozoic (> 225 
m.y.B.P.) rock units which crop out in essentially parallel bands on the east 
side of the range, and to a lesser degree on the west side of the range. 
These formations form pronounced hogback ridges, Pleistocene (l m.y.B.P.) 
glaciation carved glacial cirques, and u-shaped valleys with accompanying 
glacial lakes and moraines. Surface exposures of Permian (270% muy. BVPT)y 
Triassic (225 m.y.B.P.), and Cretaceous (135 m.y.B.P.) rocks are found in the 


WSAsS. 
252 Physiography 


The Gardner Mountain GRA is in the Middle Rocky Mountains Province of the 


Rocky Mountain system, according to Nevin M. Fenneman's classification of the 
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physical divisions of the United States (Fenneman, 1931). The GRA ranges 
in altitude from 5,000 to 8,500 feet, with a‘relief of 3,500 feet. The 
lowest section of the GRA is in the southeast portion and the highest section 
is in the north central portion of the GRA. There are the remnants of an 
old erosion surface at approximately 8,000 feet within the GRA, leaving a 
relatively flat surface or peneplane that has been eroded by streams in recent 


geologic time. 


The North Fork Powder River WSA ranges in altitude between 5,900 to 8,000 feet, 
with a relief of 2,100 feet. The Gardner Mountain WSA is at a generally lower 
altitude than the North Fork Powder River WSA; within the Gardner Mountain 


WSA, altitudes range between 5,700 feet to 7,700 feet. 


The Gardner Mountain GRA has an average annual precipitation of approximately 
15 inches, and an annual temperature mean of 44°F. The study area has a low 
monthly average temperature of approximately 19°F in January, and a maximum 


monthly average temperature of approximately 70°F in July. 


2,083 Geologic Units 


The Gardner Mountain GRA has a relatively complete stratigraphic section that 
ranges from Precambrian igneous and metamorphic rocks through sedimentary 


rocks of Tertiary (2-70 m.y.B.P.) age. 


There are several anticlines in the study area. In general, these anticlines 
have steeper limbs on the west side of the Bighorn Mountains. The most 
common types of faulting that occur within the GRA are reverse faults. 
Surficial deposits consist of Quaternary clay, sand, and gravel in the stream 
bottoms and some terrace gravels. Figure 2.1, "Geologic Map," delineates the 
geologic formations that occur throughout the GRA. Figure 2.2, "Generalized 
Stratigraphic Column," is a generalized stratigraphic column which provides a 
brief description of all the stratigraphic units that underlie the Gardner 


Mountain GRA. 
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BLM Wilderness Study Areas Included in the 
Gardner Mountain GRA 


WSA _ NAME ACREAGE 


060-20! Gardner Mountain 6 ,423 


060-202 North Fork 10,089 
Powder River 


(LOVE, CHRISTIANSEN ,and EARLE,I978; 
LOVE ,CHRISTIANSEN, EARLE ,and JONES,1978) 
Re4wW R83W 
1 Gardner Mountain GRA, Wyoming 
Approximate Boundary of Wilderness 


Study Area GEOLOGIC MAP 
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FORMATION, 
SYSTEM SERIES SYMBOL THICKNESS, 


aah | Alluvium 
Terrace 
Deposits 


Undiffer- 
entiated 
Gravels 


GO White River 
0-457 m 

PALEO- Fort Union 
CENE 0-762 m 


Lance 
196-915 a 


Pox dillis 
30-91 2 
Cody 
762-823 2 
Prontier 
194-250 2 
Thermopolis 
30-461 2 
Cloverly 
18-82 2 


$1-91 gp 


CRETACEOUS 


Sundance 


Chugwater 
183-305 2 
Goose Egg 
Tensleep 
37-105 2 
Ansden 
$8-76 2 
MISSIS~ Madison 
SIPPIAN 61-244 a 
ORDOVICTIAL Bighorn 
0-229 2 
Gallatin 
z 9-123 a 
« = Gros Ventre 
3 15-107 a 
Plathead 
61-122 a 
Igneous and 
PRECAMBRIAN Metamorphic 
Rocks 


GENERAL LITHOLOGIC DESCRIPTION 


Light brown bentonitic claystones, interbedded with conglomerates, cemented 
by calcium carbonate and light gray tuffaceous maristone 


Coal, fine-grained sands and silts with ironstone concretions; interbedded 
clays, shales, and carbonaceous shale 


Yellowegray to gray shale: lenticular silty sandstone: interbedded dark-gray, 
carbonaceous shale and coal beds 


Ligkt-gray to white, fine= to medius-grained sandstone: gray shales 
Gray to brown, marine shale internedded with fine-grained sandstone and 
siltstone: carbonaceous sandstones 


Pine= to nediun-grained sandstone, carbonaceous snale and lignite. gray to 
gray-orown siltstone, shale, and sudstone 


Gray to dark-gray snmale with interpedded light<gray bentonite: Sussex and 
Shannon Sandstones are light<-gray to green and glauconitic 


Marine sandstones, gray to yellow=orown, fine= to nedium-grained, thin 
bentonite beds; carbonacecus shales and lignites 


Dark-gray to silver, brittle and fissile, silicsous snale with intarpedded 
cream=white bentonites; shallow marine sandstone; siltstone 


Dark-geay to black, soft, garine stale: interbedded shaley siltstone 
Light-gray, slightly calcareous and sandy siltstone; variegated shales; 
coarse-grained sandstone and conglomerate 


Variegated green, red, and gray siltstone and sudstone. fine-grained 
sandstone lenses with dinosaur bones 


Green, yellow, gray, fine-grained sandstones interbedded with silestone, 
shale, and limey shale; colitic lizestone 


Macine evaporite sequence of red snale and siltstone; interbedded limestone, 
dolomite. gypsum. and red shale 


Red to red-orown, poorly sorted, fine-grained sandstone: siltstone and 
shale: thin carbonate sequences 


Red sandstone, siltstones, gypsiferous shale, limestones. and evaporites 
Buff to white, fine-grained, cross-vedded sandstones: thin beds of limestone 
and dolomite 


Light-gray to tan, cherty limestone and dolomite: soft. red sandstone and 
siltstone: gray, buzf£, erosive, fine-grained sandstone 


Karst development in fossiliferous limestone with chert lenses; vuggy, 
fine-grained, thin=- to sedium-dedded dolomite 


fan to brown, massive dolomite; gray-drown, thinly bedded, sedium-grained 
sandstone; siltstone 


Red to pink, gray, glauconitic, silty limestone; limestone pepbie conglomerate; 
calcareous siltstone 


Gray limestone: limestone pebble conglomerates gray~browm to green, micaceous 
siltstone and sandstone 


Littoral and beach sandstone, siltstone; coarse to conglomeratic at the base 


Quarez diorite, quartz monzonite, felsic and matic agmatites, quartzofelidspatcar 
gneiss, associated amphibolite, and granite 


Figure 2.2 Generalized Stratigraphic Column, Gardner Mountain GRA 
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2.3.1 Rock Units 


All of the rock units mentioned above crop out in the Gardner Mountain GRA, 
but not necessarily in the WSAs. The Gardner Mountain WSA has outcrops of 
the following rock units: Bighorn Dolomite, Madison Limestone, Tensleep 
Sandstone, Amsden Formation, Chugwater Formation, and Goose Egg Formation. 
The North Fork Powder River WSA has outcrops of the following rock units: 
Cambrian rocks, Bighorn Dolomite, Tensleep Sandstone, Amsden Formation, 
Goose Egg Formation, Chugwater Formation, Cloverly Formation, and Morrison 


Formation. 


The Precambrian rocks within the Gardner Mountain GRA are mainly granites, 
pegmatites, amphibolites, and schists. No exposures are found in either of 
the WSAs. These units are buried beneath Paleozoic and Mesozoic rocks in the 


WSAS. 


The Cambrian (500-600 m.y.B.P.) rocks in the study area include the Flathead 
Formation, the Gros Ventre Formation, and the Gallatin Formation. The Lower 
Cambrian is represented by the Flathead Formation, a siltstone and sandstone 
with a basal conglomerate. The sandstone is composed of tan to light-brown 
and medium to coarse grained quartz pebbles. The Gros Ventre Formation is 
middle Cambrian and is composed of a medium-to-coarse grained glauconitic 
sandstone, with a middle layer of grayish green shale, light gray limestone, 
thin sandstones, and flat-pebble conglomerate. The upper unit is a silty 
limestone with thin beds of flat-pebble conglomerate. The Upper Cambrian is 
represented by the Gallatin Formation, which is composed of glauconitic, silty 


limestone, limestone pebble conglomerate, and calcareous siltstone. 


The Ordovician (440-500 m.y.B.P.) rocks in the study area include the Bighorn 
Dolomite. The Bighorn Dolomite crops out in both of the WSAs. It consists 
of a basal unit of light gray to brick red, fine-to-coarse grained quartz 
sandstone. This sandstone is overlain by a tan, dense, massive, dolomite. 


The uppermost unit is a slabby argillaceous dolomite. 





























qeslana? venosemabt sist ‘guahenten. rnin “_ toes pn pols = 


Tobi sae8 ag 62000 brK - red teerto “xeoewpped \fotvemtcS robems , aot 
[S72 hB AO whetot ous to: pgotoaue eal see Seva tsbwot AICS sot, wa 
Aoltsmrat gsbems eaotabnn® qealaneT (9 beoton asompta ,esoox asls ne 
aoadziot bos worse’ gixeuelD’ \AObiewtr0% setewpy .nottemrot pps eandd 

| 7 «10.42 6erxor® | 


t ae 
7 
oan ay 





.cecsinesp Yiniam sys ASO nistavoM YenbyeD sdt mridsiw exsos nsixzdas zest 
So yerttie gi Qnetl sie ssethacgxe of setatdon fin ,setliodidqms ,seci2 
e683 oi escort clocones fis sfoweeled digpned felted exe eiinv seetT .shGm 


capddal3 ort ebriotk sexe yaune shh miuawpor (,9.4:.y.8 002-002) cotrdusd % ont 
tewod off .nostemtgt niveifes af2° bee ,nolisaact ettneV acrid af?Z 1013 6 oh 
snotehoer bas snodetize &  (NoOltemiey, baotize lt ait vd hetnoxustget Bt om ak 
meoid-tipit of ast fo bescymeo ef spodekase eff .etstemolpaco Iasad 6 ‘do ty 
st noltemet e=tnsv sox SAP .esictieg etysup benisitp sersoo of ms tbew Extk 


cicktacoveDp bertsit .seradp-ol-thbeg Bb 36 Beeogmo ef bas netrzdme> sip 





prnetesart yer sedpil eke fees defystp to seyat olffbin s aviw , enct a 
wits 6.81 tiav wee eee _ «statempignoo . oltcdeq-7412 bas ohn) BBB 
at teis¢es) requ et eceaieentimtid piddsq-2019 to: abod ndihd a3 iw enese: 
vile .2iainouvalp to Geepqapo et dnkaw tok t serto% alssllsd edd yd Betnes ‘ ‘i 
 Saosetise -avosssolms baa Siertens pros 9 elddeg oncdmenil oa ‘a 





, ee ut ea 
naotplé pas seca BOs ybose wit - ee (.dedeyen 002-0a5). astoivob?0. 
eeetanos ¢2 .eqew ate to! dg nna —  ettotod sxoipia or -svim 


acisup fepter. se1sde<cs~enlt: Bek 3 


vere siiebt 20 tiny Hee cs 
-otimoio® .evisees \esneb. ned 


The Mississippian (300-350 m.y.B.P.) rocks in the study area include the 
Madison Limestone. The Madison Limestone consists of four major alternating 
units of limey dolomite which range in color from light tan to gray. The 
lower 3 feet is sandy and locally conglomeratic. There is some karst de- 
velopment with chert lenses. The sequence varies from thin bedded to massive. 
The Madison Limestone is exposed as small outcrops in the Gardner Mountain 


WSA. 


The Pennsylvanian (270-300 m.y.B.P.) rocks crop out at the surface of large 
parts of both WSAs. The Pennsylvanian rocks are represented by the Amsden 
Formation and the Tensleep Sandstone. The Amsden Formation is composed 
of soft brick-red fine-grained silty sandstone, light-gray dolomite, soft 
red claystone, and yellow to tan massive dolomite. Overlying the Amsden 
Formation, the Tensleep Sandstone consists of a light-tan to gray, or grayish 
and fine-grained massive to crossbedded sandstone, with dolomite in the lower 


portion. 


The Permian (225-270 m.y.B.P.) rocks in the study area are represented by the 
Goose Egg Formation. The Goose Egg Formation is found in both WSAs and is 
composed of red sandstones, siltstones, gypsiferous shales, limestones, and 


evaporites. 


The Triassic (180-225 m.y.B.P.) rocks in the study area are represented by 
the Chugwater Formation. The Chugwater Formation is found in both WSAs. It 
has a lower unit of soft interbedded reddish-brown siltstone, shale and 
silty fine-grained sandstone. Overlying this unit may be a slabby dense 
. light-gray dolomitic limestone. The top unit of the Chugwater is a pink 


Massive sandstone. 


Jurassic (135-180 m.y.B.P.) rocks occur in the GRA, but do not crop out in 
either WSA. The Gypsum Spring Formation represents the Middle Jurassic. It 
is composed of a lower section of limey gypsum with interbedded reddish 


brown siltstone and shale. The gypsum may have leached out, leaving a thin 


10 
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section of limestone breccia and reddish-brown siltstone or shale. Overlying 
this unit is a reddish-brown claystone and alternating zones of light-gray 


argillaceous limestone and claystone. 


Upper Jurassic rocks occur in the GRA, and in the southeastern portion of 
the North Fork Powder River WSA. The Upper Jurassic rocks are represented by 
the Sundance and Morrison Formations. The Sundance Formation consists of 
sandstones and shales. The sandstones are light-gray to light-tan calcareous, 
and sometimes glauconitic, which weathers brown. The shales are olive-gray, 
silty and calcareous. The Sundance Formation may occasionally contain oolitic 
and conglomeratic limestone. Overlying the Sundance Formation is the Morrison 
Formation, which is found only in the North Fork Powder River WSA. This 
formation is primarily sandstone in the lower part and claystone in the upper 
part. The lower portion of the formation contains beds of yellowish-gray 
siltstone and fine-grained sandstones interbedded with varicolored shales and 
claystones. The upper part of the formation contains less sandstones and 
siltstone, and more red, green, and black claystones. The black hue is from 
carbonaceous material. Freshwater invertebrate fossils and dinosaur bones are 


common in the Morrison Formation. 


The Lower Cretaceous rocks in the GRA are represented by the Cloverly, Ther- 
mopolis, and Mowry Formations; however, none of these formations crop out 
in the WSAs. The Cloverly Formation has a well developed basal sandstone 
(locally conglomeratic), a middle layer of varicolored claystone, and an 
upper layer of slabby siltstone and Sandstone beds. The Lower Thermopolis 
Formation is composed of an upper shale, middle silt, and a lower silt and 
sand. The lower silt can be recognized in outcrop by its distinctive gray- 
weathering shale, which consistently separates the brown and tan-weathering 
"rusty beds" below from the brown and tan-weathering middle silty shale 
above. The middle Thermopolis Shale, called in certain locations the Muddy 
Sandstone, is a fissle black shale with a large amount of silt. It also 
contains varying amounts of sandstone and siltstone. The Upper Thermopolis 
Shale is dark gray and black with a few ironstone beds and a few prominent 


white bentonite beds. 
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The Mowry Formation is a soft, grayish black shale with thin beds of bentonite 
overlain by light gray, brittle laminated siliceous shale with yellowish 


bentonite beds and a few thin sandstones. 


The Middle Cretaceous rocks in the study area are represented by the Frontier, 
Cody, Mesaverde, and Lance Formations. The Frontier Formation is composed of 
a bentonitic dark gray shale and siltstone with four bentonite beds. It also 
contains interlaminated light gray sandstone and a dark gray shale with a few 
conglomeratic sandstone beds. The Cody Formation is composed of dark gray 
shale, soft conglomeratic sandstones, and light gray, fine-to-medium grained 
soft calcareous sandstone. The Mesaverde Formation is composed of fine-to- 
medium grained sandstones, carbonaceous shale and lignite, gray to gray brown 
siltstone, and shale and muds tone. The Lance Formation consists of drab 
brown, thin bedded shaley sandstone with interbeds of dark gray shale. There 
are also light to yellowish gray soft sandstones. Beds of carbonaceous shale 


are present throughout the upper half of the unit. 


The Tertiary (2-70 m.y.B.P.) system has only limited exposure within the 
GRA and none at all in the WSAs. The Tertiary system appears on the east 
side of the GRA as the Fort Union Formation, and on the west side of the 
GRA as the White River. Formation. The Paleocene series is represented by 
the Fort Union Formation, which consists of many beds of moderate brown 
ferruginous resistant sandstone ledges, interbedded with siltstone and shale, 
overlain by light gray siltstone and gray shaley sandstone, many thick zones 
of carbonaceous shale interbedded with siltstone, and lenticular beds of 
conglomerate. The Oligocene system is represented by the White River For- 
mation, which consists of light-brown bentonitic claystones, interbedded 
with conglomerates, cemented by calcium carbonate and light gray tuffaceous 


marlstone. 


Quaternary deposits are found throughout the GRA and to a lesser extent in 


the WSAs. They are basically landslide debris, terrace gravels, and alluvium. 
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2.4 Structural Geology 


The Gardner Mountain GRA lies where the southern edge of the Bighorn uplift 
meets the northern end of the Casper Arch. The GRA contains elements of both 
the Bighorn Mountain and Powder River Basin structural provinces. The WSAs 
are in the Bighorn Mountain structural province. High angle reverse faults 
predominate in the area, but some thrust and normal faults are present (Love 


et labs) 1978) 


The influence of faulting is most significant just to the northeast of the 
northeast boundary of the North Fork Powder River WSA, where Precambrian 
igneous rocks have been moved adjacent to Paleozic rock units by a fault down 
thrown on the west. Openings created by tectonically induced fractures in the 
Madison and Tensleep Formations and others may provide depositional controls 
over mineral deposits. Primary porosity and karst solution features may also 


provide mineral depositional control (Damp and Brown, 1982). 


Zee Engineering Geology 


Some of the formations present in the WSAs contain clay and shale units 
(i.e. Goose Egg, Chugwater) which pose a distinct problem in road or other 
types of construction. Rock units which contain shales and bentonite have 
a potential for landslides. Rockfalls and other landslide debris can be 
expected in steep walled canyons associated with the Madison Limestone and 
Bighorn Dolomite outcrop. Erosional problems can be expected in those poorly 
cemented sandstone formations with little or no clay binder. Steep narrow 


canyons have a tendency to concentrate heavy rainfall into flash floods. 


2.60 Paleontologic Resources 


The Morrison Formation within the region is noted for yielding vertebrate 
fossils. The White River Formation has a high potential for yielding fossil 
vertebrates. Many of the other formations in the study area also yield 
invertebrate fossils. No vertebrate fossils have been known to be recovered 
in the GRA or WSAs. The favorability for vertebrate paleontologic resources 


within the WSAs is slight. 
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Ds J Historical Geology 


The geologic history of the Gardner Mountain GRA is similar to that of the 
middle Rocky Mountains. The basement Precambrian rocks consist of metaigneous 
and metasedimentary rocks. At the end of Precambrian time and throughout the 
Paleozoic era, there were repeated advances and retreats of a sea. Marine 
deposits of sandstone, shale, and limestone were formed. At the end of the 
Paleozoic era, marine, mariginal marine (evaporites), and terrestrial red bed 
deposits were formed as the seas fluctuated back and forth over the area. 
Marine conditions returned in Jurassic time only to retreat at the end of the 
Jurassic period. A major marine invasion started in early Cretaceous time and 
continued until the start of the Laramide Revolution and the uplift of the 
Bighorn Mountains near the end of the Cretaceous period. The Tertiary period 
was a period of repeated uplift, accompanied by folding, thrusting, and high 
angle faulting, and the deposition of both thick terrestrial sediments in 
intermountain basins and potential host rocks for the migration and deposition 
of uranium (Damp and Brown, 1982). Volcanism was active in the mid to late 
Tertiary time, and thick volcanic deposits accumulated locally and volcanic 
ash was widely distributed. This ash or tuff may have been a source rocksorL 
uranium; this uranium may have migrated by groundwater into favorable rock 
units in the area. The Quaternary period is noted for widespread glaciation 
in the high parts of the Bighorn Mountains, and the accompanying glacial 
outwash deposits along the flanks of the mountains. During recent geologic 


time, stream erosion created the area's topography as it is seen today. 
S20 ENERGY AND MINERAL RESOURCES 
eee ke General 


There are few favorable areas for the occurrence or potential occurrence 
of GEM resources in either the Gardner Mountain WSA or the North Powder 
River WSA. Even those areas with favorable geologic environments are rated 
low on the classification and level of confidence scales. There are uranium 
occurrences in the Gardner Mountain GRA to the east of the two WSAs, in the 


Frontier, Cloverly, Morrison, Sundance, Tensleep and Amsden Formations. 
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Figure 3.1, "Mineral Occurrence Map," illustrates the locations of any known 
past and present mines, or occurrences of mineral deposits and GEM resources 
within the Gardner Mountain GRA. Information for this figure came from the 
USGS' Computerized Resource Information Bank (CRIB), and the USBM's Minerals 


Availability Information System (MILS). 
Baw Potential Resources 


The uranium occurrences in the Tensleep and Amsden Formations mentioned in 
Section 3.1 are identified as a prospect or mine in the Arminto Quadrangle, 
Wyoming (Damp and Brown, 1982). Damp and Brown identify the prospect or 
mine with the comment that production is unknown. Damp and Brown describe 
the other uranium occurrences as minor prospects or mineral occurrences. 
The exposures of the Madison Limestone in the study area may be considered 


nonmetallic mineral occurrences (Love et al., 1978). 
Seo Land Status 


The Gardner Mountain GRA contains unpatented claims and oil and gas leases. 
The unpatented claims were most likely staked for uranium or bentonite. 
Figure 3.2, "Claim and Lease Map," illustrates the locations of any oil and 
gas leases, patented claims, and unpatented claims in the Gardner Mountain 
GRA. As Figure 3.2 illustrates, no claims or leases are within the boundaries 


of the WSAs. 
3.4 Deposit Types 


The favorable geologic environments for uranium deposits in the Gardner 
Mountain GRA are basically secondary deposition in sedimentary rocks. In the 
Madison and Amsden Formations, solution features (karst topography) in the 
Madison, which later filled with sandstone blocks of the Amsden, are favorable 
environments for uranium deposition. In the Tensleep Formation, the Tensleep 
sandstone, where it is fractured along the crest of the Gardner Mountain anti- 
cline, was exposed to uranium-rich groundwater. The Cloverly, Morrison, 


Sundance, Chugwater, and Tensleep Formations are favorable for sandstone type 
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and fractured rock type deposits because they contain excellent primary 
porosity, transmissivity, reducing agents, and an uranium source (Damp and 


Brown, 1982). 


255 Resource Economics 


3.5.1 Industrial Minerals 


Limestone is common throughout the state. The use of limestone from the WSAs 
will depend on local needs. Limestone is a high volume, low value commodity 
so that distance to market is a critical item when determining marketability. 
The Madison Limestone in the study area, when economics permit, may someday be 


considered for building stone, cement, or other nonmetallic use. 


3.5.2 Uranium 


The current price of uranium (approximately $17 per pound in October, 1982) 
is low enough to discourage additional mining and exploration. A turnaround 
in national nuclear policy will be necessary to return the industry to profit- 
ability. Reserves far exceed demand at present and numerous mines with 
significant measured reserves of U0, have closed due to the low demand 
for uranium and high production costs. When and if nuclear policy and at- 


titudes change, the uranium industry will recover slowly but probably not to 


the extent of the 1970s. 

4.0 LAND CLASSIFICATION FOR GEM RESOURCE POTENTIAL 

4.1 General 

The Gardner Mountain GRA is considered moderately favorable for the occurrence 


of uranium and limestone; the GRA is considered to have a low favorability for 


the potential occurrence of all other GEM resources. 
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In order to better evaluate the occurrence or potential occurrence of re- 
sources in the GRA, a 2-part resource classification scheme has been adopted 
as requested by contract. Each resource or potential resource within the 
GRA will receive an alpha-numeric classification. The number designation 
will range from 1 to 4, and will indicate the favorability of the geologic 
environment, geologic processes, and mineral occurrences for the presence of a 
particular resource or group of resources. The letter designation will range 
from A to D, and will indicate the level of confidence to be associated with 
the numerical designation. Figure 4.1, "Land Classification Map," illustrates 
the areas of potential GEM resources with their assigned classifications 
for the WSAs within the Gardner Mountain GRA. Figure 4.2, "Resource Clas- 
sification Scheme," provides a detailed description of the number and letter 


designations used in the resource classification scheme. 
4,2 Metallic Minerals 


There is a low favorability based on direct but quantitatively minimal evi- 
dence for the potential occurrence of metallic minerals in the Gardner 
Mountain WSA (classified 2C): this classification is based in part upon an 
examination of the WSA's sedimentary geologic environment, available source 
rocks, lack of host rocks, and transportation medium for metallic minerals. 
Similiarly, the sedimentary geologic environment, available source rocks, and 
transportation medium for metallic resources are not present in the North Fork 
Powder River WSA for the concentration of metals. Therefore, the North Fork 
Powder River WSA is considered to have a low favorability for the potential 
occurrence of metallic minerals (classified 2C); this classification is based 


upon direct but quantitatively minimal evidence. 

4.3 Industrial Minerals 

Both the Gardner Mountain and North Fork Powder River WSAs are considered 
moderately favorable for the potential occurrence of limestone (classified 


3C): this potential exists in those areas of the WSAs where the Madison 


Limestone crops out. Both WSAs are also considered to have a low favorability 


eS 


>. =e) 90 + naigiullabe sensi 38 oll 
“petqohs need’ nad ements ncidsolt reek - ito 
ed3 nic) iw soxeones taksnedoq, 20. prito4 | 


: reJ3el. Da8 sedan att Bo noligizsiee’ falisteb 6 asbiver: “ , onetra | aot 































- = ~* _ = 7 7 7 
oer treet 7 7 
‘ ra 28 sae 

eo: 


nolenpiess edaun eft .dolteclitvesie six 
oteofoep afd. te Wilidszove® ari asscibat Liv ben 
s to eoneEETy ad? 16% esone1sus00 Istvente bas wousnou7g. 
epnss ‘Il tw asktenpiseb tadtel ent -aeoIwoees 26 quotp 96:4 807 ,. 
dtiw betsioorne od oF eons bi ines 30 Ievel oct etscikni ae | to 
sotextenili “ash ned Wqoktinesto brad” ide  exepit -neiondekeen ot: 

aftoizsorticssio ‘beapiees xiers Adiw eebawones Mad Ieltastoq “Io. 


~el9 eoswosen” ($3 empls .ASD aistavok teatro ef? ora nkew 


ata. 
ae oe 





seenza rotteotieesls eomoaes ata at been ehoks 
elaszeni 


-ive Lemtakn yl ws isatistoevp Jud Isezib no Geesd viiitderove® wol 6 at 
tenbisD sdf ni elarzenta Olifasen to soaqetavsG0 istice2 oq ed? ror on 
na mnogu Jusq ot Beesd ef molzentiigesis sta? (9% be ltiesals) AGW nba 
even ofdelisvs ss BRIO DVT 1@ olpoloesep visdnemibee «& ‘AQW eft Bo ne +. 
.elervenion * ii Lagen to? awlhet uotrataéqenss73 bas ,ecoox saad Bo xont « 
,exS07 eoauo8 oidslisve ,tnemnexivae clpoloep yiasnomibee eh? 4 
tx0F dssov on ai Jnese1q Jom e1s Revwoee: ofileyem 103 miber obi 
ax0% dtiote ety ,eroteredt stom §o nolvstanaonced ei? 10% AoW oe sai 
inttnedog ett 20% Y iitdesowes wol s eved ot bexsbteto> 82 Kew apes. vi 
boped at noistsoitienaslo ealdy fos tettieest>) eistenia oiliaten tos x 


“ vewabbve Listens cai 


a 
’ 


FL 


iris 





Serebiaroo srs aAeW itavid xzsbwo! A261 dtso boa 7 io 
feltingaio) eneseomil Io Sooner W390 ‘aba at 
noeibsM edd sitéce anew aid 36 oe — 

»* ou : 


yiilidsrovs? wol 6 evad o bershtanoo. ¢ ts aseW 
iw : 


BLM Wilderness Study Areas Included 
in the Gardner Mountain GRA 


WSA — NAME ACREAGE 
060-201 Gardner Mountain 6,423 


060-202 North Fork Powder 10,089 
River 


COUNTY 
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Numerical Classification Scheme 


The geologic environment and the inferred 
geologic processes do not indicate favor- 
ability for accumulation of mineral resources. 


The geologic environment and the inferred 
geologic processes indicate low favorability 
for accumulation of mineral resources. 


The geologic environment, the inferred geologic 
processes, and the reported mineral occurrences 
indicate moderate favorability for accumulation 
of mineral resources. 


The geologic environment, the inferred geologic 
processes, the reported mineral occurrences, 
and the known mines or deposits indicate high 
favorability for accumulation of mineral 
resources. 


Figure 4.2 Resource Classification Scheme 


A) 


B) 


C) 


D) 


Letter Classification Scheme (Level of Confidence) 


The available data are either insufficient 
and/or cannot be considered as direct evidence 
to support or refute the possible existence of 
mineral resources within the respective 
area. 


The available data provide indirect evidence 
to support or refute the possible existence 
of mineral resources. 


The available data provide direct evidence, 
but are quantitatively minimal to support or 
refute the possible existence of mineral 
resources. 


The available data provide abundant direct 
and indirect evidence to support or refute 
the possible existence of mineral resources. 


based on direct but quantitatively minimal evidence for the potential occur- 
rence of nonmetallic mineral resources (see Section 4.6 below) (Love et al., 


1978). 
4.4 Uranium and Thorium 


Uranium occurrences have been identified in the Gardner Mountain GRA, just 
to the east of the WSAs. The geologic environment of these occurrences, 
the primary and secondary porosity in sandstone, and the presence of uranium 
bearing groundwaters in the past, can be projected into the WSAs. For these 
reasons, the formations bearing potential uranium resources have been classi- 
fied as follows for the Gardner Mountain and North Fork Powder River WSAs: 
Precambrian, Madison, Amsden, Tensleep, Chugwater, and Sundance Formations - 
moderate favorability based on direct but quantitatively minimal evidence 
(classified 3C) (Damp and Brown, 1982). Potential thorium resources (Pre- 
cambrian calcsilicate veins) for the entire area have been classified as 
having a low favorability based on direct but quantitatively minimal evidence 


(classified 2C). 


we, Oil, Gas, and Geothermal 
. 

The necessary temperature gradients and groundwater conditions are not appro- 
priate for geothermal resources in this GRA; therefore, the Gardner Mountain 
GRA is considered to have a low favorability for geothermal resources based 
on direct, but quantitatively minimal evidence (classified 2c) (Alpha, 1983). 
The geologic environment in the area would ordinarily be favorable for the 
accumulation of hydrocarbons; however, the close proximity of the favorable 
hydrocarbon formations to outcrops on steeply dipping dip slopes in the area 
reduces this favorability. The Gardner Mountain WSA is considered to have a 
low favorability based on direct but quantitatively minimal evidence for the 
potential occurrence of oil and gas resources (classified 2C). Because of 
the great depth to sufficient heat in the North Fork Powder River WSA, the 
the North Fork Powder River WSA is considered to have a low favorability 
for the potential occurrence of geothermal resources (classified 2. The 


potential for oil and gas in the region is severely curtailed by the presence 


22 


of outcrops and steep dip slopes. For this reason, the North Fork Powder 
River WSA is considered to have a low favorability for the potential occur- 


rence of oil and gas resources (classified 2C). 
4.6 Other GEM Resources 


There exists quatitatively minimal direct evidence to support a low favor- 
ability classification for the potential occurrence of other GEM resources in 
the WSA (classified 2C). This classification is also based in part on the 
geologic environment and inferred geologic processes that have been identified 


within the WSA. 
570 RECOMMENDATIONS FOR FUTURE WORK 
Sow Work Recommended to Complete Data Base 


A number of investigations could be implemented to generate additional data to 
supplement the conclusions of this Phase I report for the Gardner Mountain 
GRA. Photogeological mapping and a field check at large scale (1:24,000) 
should be conducted, noting fracture patterns and joints with an emphasis on 
intersecting linears. Also, an identification of paleokarst on Madison 
Formations should be conducted to determine uranium favorability. Finally, an 
evaluation should be made of the upper favorable sandstone above the Madison 


Formation for uranium favorability characteristics. 
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